The relationships of Scytodoidea, including the families Drymusidae, Periegopidae, Scytodidae and Sicariidae, have been contentious for a long time. Here we present a reviewed phylogenetic analysis of scytodoid spiders, emphasizing Periegops, the only genus in the family Periegopidae. In our analysis the Scytodoidea are united by the fusion of the third abdominal entapophyses into a median lobe, the presence of female palpal femoral thorns and associated cheliceral stridulatory ridges, a membranous lobe on the cheliceral promargin, and the loss of minor ampullate gland spigots. A basal split within Scytodoidea defines two monophyletic groups: Sicariidae and a group formed by Scytodidae as the sister group of Periegopidae plus Drymusidae, all united by having bipectinate prolateral claws on tarsi I-II, one major ampullate spigot accompanied by a nubbin, and the posterior median spinnerets with a mesal field of spicules. Periegops is the sister group of Drymusidae, united by the regain of promarginal cheliceral teeth and a triangular cheliceral lamina, which is continuous with the paturon margin.
Introduction
The family Periegopidae currently comprises only the genus Periegops, with two species: the type species Periegops suteri (Urquhart) from the Banks Peninsula on the South Island of New Zealand (Vink 2006) , and Periegops australia Forster, from southeastern Queensland (Forster 1995) . A single female of an unidentified Periegops species from the East Cape region of the North Island of New Zealand was also mentioned by Forster (1995) ; at present, the delimitation of species within Periegops is dependent on the detailed structure of the male copulatory bulb, hence the identification of this specimen should wait for new data, although mitochondrial COI molecular evidence suggests that it may be a distinct species (unpublished data mentioned in Vink 2006) .
The genus Periegops was first included in the subfamily Periegopinae by Simon (1893) , and placed in the Sicariidae, along with Drymusinae, Loxoscelinae, Plectreurinae, Scytodinae and Sicariinae. Simon was the first to discover that Periegops and Scytodes had a bipectinate "external superior" tarsal claw on the anterior tarsi. Simon included Diguetia and Pertica (later synonymized with Segestrioides; in Periegopinae, but Petrunkevitch (1928) removed them and placed them into Diguetinae. Bryant (1935a, b) suggested a family rank for Periegops that included also Plectreurys and Diguetia, but she took no formal action. Lehtinen (1986) studied only the female holotype of P. suteri. He mentioned that Periegopidae, Drymusidae, Scytodidae and Ochyroceratidae share a particular dentition pattern in the tarsal claws, but he never explained or described this character in detail, so his observations were not conclusive. He also suggested that Periegops could be a strongly apomorphic derivative of the classical (non-monophyletic, Platnick et al. 1991) , Scytodoidea, composed of the Caponiidae, Diguetidae, Loxoscelidae, Ochyroceratidae, Plectreuridae, Pholcidae, Scytodidae, Sicariidae and Tetrablemmidae (Brignoli 1975 (Brignoli , 1978 . Platnick et al. (1991) investigated the spinneret morphology of haplogyne araneomorph spiders (Haplogynae), and produced a cladistic analysis with all haplogyne families except Periegopidae. They obtained a restricted Scytodoidea, composed of Sicariidae, Scytodidae, and Drymusidae, in which Scytodidae and Drymusidae were united by having a field of spicules on the median surface of the posterior median spinnerets. Ramírez (2000) added a few characters from the respiratory system to the same dataset, further strengthening Platnick et al.'s hypothesis. Griswold et al. (2005) reviewed most of the character systems used in those sources, but only scored two families of Haplogynae (Filistatidae and Segestriidae) as outgroups for their analysis. Forster (1995) was the first to examine the tracheal system of Periegops, and their cuticular structures using scanning electron microscopy. He hypothesized that the Periegopidae were related to the ecribellate, haplogyne families Diguetidae, Drymusidae, Plectreuridae, Scytodidae and Sicariidae (that is, Simon's Sicariidae, plus Diguetidae). Within this group, Forster suggested that Periegopidae was most closely related to the Scytodidae, based on two characters: (a) posterior tracheal system composed of a short median apodemal lobe and a distinct pair of simple lateral tracheae, a configuration also shared with Drymusidae; and (b) a double row of teeth on the ventral surface of the proclaws, and a single row on the retroclaws of leg I and II (later found in Drymusa as well, see below). Lamy (1902) was the first to describe the tracheae of Scytodes and Loxosceles, which both share a fused median apodeme. Ramírez (2000) confirmed that at least in Loxosceles and Sicarius the median lobe retained the muscle insertions corresponding to the paired third abdominal entapophyses, proposing their fusion on a median structure as a further synapomorphy for a clade that included Drymusa, Loxosceles, Scytodes and Sicarius (plus Periegops, although this genus was not included in the analysis). In the cladistic analysis of Ramírez (2000) , the elongation of the median apodeme is a synapomorphy for Sicariidae, thus a short median apodeme is plesiomorphic for Scytodes, Drymusa, and Periegops. Labarque & Ramírez (2007a) reported that the bipectinate proclaws are also present in Drymusa, and that Periegops also have a field of spicules on the median surface of the posterior median spinnerets (PMS), along with Drymusa and Scytodes.
In summary, the more promising characters that may help resolve the closest relationships of Periegops (the bipectinate proclaws, the spicules on the PMS), are shared both with Dymusa and Scytodes. Here we intend to clarify the relationships of Periegops and its relatives performing a cladistic analysis of Scytodoid spiders, reviewing and expanding on the previous analyses (Platnick et al. 1991; Ramírez 2000; Griswold et al. 2005) .
Material and methods

Specimen preparation
Clean museum specimens were chosen when available. Specimens in 80% alcohol were imaged with a Nikon DXM1200 digital camera mounted on a stereoscopic microscope Nikon SMZ1500 and the focal planes composed with Helicon Focus 3.10.3 and 4.01 Pro (Khmelik et al. 2006) . Preparations were carefully cleaned using fine brushes, a thin jet of alcohol from a thinned pipette, or ultrasonic cleaner; some setae were removed to expose structures, especially those on legs and palp, spinnerets and chelicerae. For scanning electron microscope (SEM), all preparations were dehydrated in a series of increasing concentrations of ethanol (80%, 90%, 95%, 100%), and critical-point dried. After drying and brushing, they were mounted on adhesive copper tape (Electron Microscopy Sciences, EMS 77802) affixed to a stub and secured with a conductive paint of colloidal graphite on isopropyl alcohol base (EMS 12660). Prior to SEM examination under high vacuum with a FEI XL30 TMP, the structures were sputter-coated with Au-Pd.
Material examined
The following specimens were examined to score the phylogenetic dataset. See Acknowledgements for a list of institutional acronyms and curators. 
Terminals and scorings
The present study concentrates on Scytodoidea as restricted by Platnick et al. (1991) . The data matrix (Table  1) includes Scytodes globula and Stedocys leopoldi (Scytodidae), Drymusa capensis, D. serrana and D. rengan (Drymusidae), Sicarius rupestris, Loxosceles reclusa and L. rufescens (Sicariidae) . Four representatives of the main clades of haplogynes and basal araneomorphs were chosen to root the analysis, according to the previous analyses of Platnick et al. (1991) , Ramírez (2000) and Griswold et al. (2005) ; these are Hypochilus pococki (Hypochilidae), Kukulcania hibernalis (Filistatidae), Ariadna boesenbergi (Segestriidae) and Pholcus phalangioides (Pholcidae). All character scorings were critically evaluated and reexamined from voucher specimens (see Material examined); a few scorings in previous studies from predicted rather than observed occurrences (e.g., for internal anatomy) are represented here as missing entries.
Cladistic analysis
Analyses were performed with TNT 1.1 (Goloboff et al. 2008a) . The complete dataset is available for download from http://aracnologia.macn.gov.ar/biblio/suppl/, and the dataset is deposited in TreeBase with accession number 12227. Multistate characters with states showing clear intermediacy (characters 3, 48, 51-53, 70 and 79) were considered ordered (additive).
Tree searches. This matrix is small enough to allow for exact searches (TNT command ienum;). We analyzed the dataset under weighting regimes against homoplasy, using implied weighting (Goloboff 1993) , and under equal weights. We assessed the sensitivity of the results to variations in the strength of the weighting function, with integer values of the constant of concavity k = 1 to 9.
Bremer support. Bremer support values (BS; Bremer 1994) were calculated with an exact search retaining suboptimal trees under equal weights (string of commands hold 2000; subopt 5; ienum; bsupport;) Resampling measures. We also calculated support values using group frequencies under jackknifing (see Goloboff et al. 2003) , with the usual probability of alteration of p = 0.36. The absolute frequencies are reported over the optimal preferred tree, thus all values are reported (even below 0.5). We performed 10,000 pseudoreplicates, each with an exact search keeping up to 1000 trees (string of commands hold 1000; resample jak repl 10000 freq from 0 [ienum] ; where Tree 0 is the optimal tree). In addition to jackknifing, we similarly calculated group frequencies under bootstrap (not shown); because both values were highly correlated, we report only the jackknifing values here. 
CHARACTERS
The characters from the Haplogynae data matrix (Platnick et al. 1991; Ramírez 2000) were organized by body region following the Atlas of Griswold et al. (2005) . All taxa were scored for a total of 102 characters. Of these, 56 are from Platnick et al. (1991) plus the complementary 16 from Ramírez (2000) , and 15 from Griswold et al. (2005) ; the remaining 15 are new characters proposed here. Character provenance and equivalences between studies are listed as (Study: Character number), using the abbreviations P (Platnick et al. 1991) , R (Ramírez 2000) , and G (Griswold et al. 2005) . Legacy characters that have been reformulated are marked with an asterisk. We have included several characters used in previous analyses of haplogynes which are not informative for the parsimony analysis. This has been done with the intention of allowing the integration of the present dataset into more integrative studies (Ramírez et al. 2007 ).
LEGS
Figs. 2-12
Character 0: Legs, autospasy line configuration: (0) coxa-trochanter; (1) patella-tibia (R: 76).
Character 1: Metatarsal trichobothria, number: (0) one or two; (1) three or more (G: 5).
Character 2: Trichobothrial base hood, texture: (0) smooth; (1) with transverse ridges (P: 64, G: 8).
Scytodoidea (Figs. 15, and in Kukulcania (Griswold et al. 2005: fig. 126 B, behind the lamina). Character 29: Chelicerae, promarginal lobe setae, shape: (0) filiform, long; (1) conical, small. Long and filiform setae lean against the promarginal lobe of Periegops (Fig. 15 A) , Drymusa capensis ( Fig. 15 B) , and Scytodidae (Fig. 15 C, D) . Smooth conical setae appear in Drymusa rengan (Labarque & Ramírez 2007a, fig. 25 ), Drymusa serrana (Labarque, pers. obs.) and Sicariidae (Fig. 15 E, F) . This character is only applicable for taxa with a cheliceral promarginal lobe. Character 30: Chelicerae, promarginal lobe setae, distribution: (0) dispersed; (1) in a basal row. In Scytodidae the promarginal lobe setae are dispersed ( Fig. 15 C, D) . In all the other members of Scytodoidea the setae are arranged in a row basal to the lobe ( Fig. 15 A (1) long series of minute ridges; (2) shallow multiple scales. In Scytodidae females (Fig. 16 C, D ) the stridulatory ridges are conspicuous and well-spaced (state 0; , 2001 Rheims et al. 2005 Rheims et al. , 2007 . Sicarius females (Fig. 16 F) have a long series of minute ridges (state 1). Females of Periegops, Drymusa and Loxosceles (Fig. 16 A, B, E) have shallow multiple ridges or scales (state 2) (e.g., Fischer et al. 2009 ). This character is only applicable for taxa with stridulatory striae on the chelicerae. Character 34: Cheliceral fang, venom outlet, position: (0) distal; (1) basal. Spider poison is injected through a tiny opening at the tip of the cheliceral fang (state 0; Foelix 1996) . Scytodes has specialized venom glands, with an anterior part that produces the venom and a posterior part that produces a glue-like substance (Kovoor & Zylberberg 1972) . The secretory epithelia of these glands extend into the chelicerae, and the orifice through which the spit is ejected is located near the base of the fang (state 1; (1) fused (P: 38*). After observing many intermediate cases of partially fused labium, we have redefined this character to limit state 1 to the totally fused condition, connected to the sternum by hard cuticle and lacking any movement. (Fig. 31 C) . Foveae, also called "copulatory pockets" (Saaristo 1997) or "scutulae" (Brignoli 1976) , are a pair of depressed sclerotized areas located laterally and posterior to the epigastric furrow, present in females of some Scytodidae. In most Scytodes species, the foveae have definite "mesal borders" or position ridges (Gertsch 1958b (Gertsch , 1967 Valerio 1981) . Scytodes (Fig. 31 C ; Valerio 1981; , 2001 Rheims et al. 2005 Rheims et al. , 2007 and Dictis (Paik 1978; Sarristo 1997) females have foveae with well defined position ridges (except for Scytodes opoxtli Rheims et al., 2007 , which lacks foveae). Soeuria Saaristo have only squamous areas (Sarristo 1997), and Stedocys lacks both structures (Fig. 31 D ; Lehtinen 1986; Labarque et al. 2009: fig. 9 ). 
SILK
Results and Discussion
The analysis under equal weights resulted in a single tree (Fig. 32 ) of 97 steps, which was also found under implied weighting with constant of concavity k from 4 to 9. Stronger weighting against homoplasy (k from 1 to 3) resulted in an alterative tree with Scytodidae nested whithin Drymusidae; such a rearrangement involves groups with low support values (Bremer support = 1, jackknifing < 50%). Our analysis corroborates the placement of Periegopidae in Scytodoidea, and more specifically, in a derived clade with bipectinated proclaws on tarsi I-II, together with Scytodidae and Drymusidae (Clade A in Fig. 32 ). Scytodoidea is here well supported by one non-homoplastic character, the fused 3 rd ophistosomical apodemes (ch. 53; Fig. 19 ; Lamy 1902; Forster 1995; Ramírez 2000) , and four homoplastic ones. The presence of female che-liceral stridulatory ridges (ch. 32; Fig. 16 ) and palpal femoral thorns (ch. 15; Fig. 11 ), although not homoplastic in this dataset, also occur in several entelegynes (Griswold et al. 2005) , as well as in other haplogynes such as Diguetidae (Gertsch 1958a: 2; fig. 7 ), Plectreuridae (Gertsch 1958c: 6, 32) and Leptonetidae (Ledford & Griswold 2010) . The presence of a cheliceral promarginal lobe (ch. 28; Fig. 15 ) is convergent with Filistatidae (Griswold et al. 2005: fig. 126 B, C) . Finally, the absence of a minor ampullate gland spigots on the PMS (ch. 78; Figs. 21 D, F, 22-23 E, 24 C, F, 25 D, F, 26 E, F, 27 E, 28 C, D; Platnick et al. 1991 ) is shared with Hypochilus pococki (Griswold et al. 2005: fig. 1 C) , although in scytodoids it is certainly a loss, while in Hypochilus it might be a primitive absence.
Sicariidae, the sister group of all the remaining scytodoids, is well supported by the loss of the inferior tarsal claw in all tarsi (ch. 11; Figs. 5, 8; Platnick et al. 1991) , the fused 3 rd abdominal entapophyses forming a broad, elongated structure (ch. 56; Fig. 19 E, F; Ramírez 2000) and a row of conical setae against the cheliceral lobe (ch. 29; Fig. 15 E, F) . Homoplasy of the last character is due the convergence in some Drymusa species (Labarque & Ramírez 2007a: fig. 25 ). Within Sicariidae, Sicarius is supported by the loss of several structures such as the onychium (ch. 10; Figs (Figs. 3, 4) , the double row of teeth are on the ventral face of the proclaw (not the "external" claw as mentioned by Simon). Forster (1995) noted that the single row of teeth on the retroclaw of Periegops is placed on the mesal side, similar to the inner row on the proclaw (Fig. 3 A,  B) , thus suggesting that Periegops is derived from an ancestor with bipectinate claws. A similar arrangement occurs in Drymusa species (Fig. 3 D ; Labarque & Ramírez 2007a: fig. 29) , however, the arrangement in Scytodidae is different. In Scytodes (Fig. 4 B) and Stedocys (Fig. 4 C) the single row of teeth on the retroclaw is sinuous, ectal at the base and medial to mesal at the tip. This, together with the single row found in outgroups suggests that the ancestral condition for the retroclaw of scytodoids is unipectinate. Forster (1995) also suggested that Drymusa, Periegops and Scytodidae (Clade A) were united by the reduction in number of aciniform gland spigots on the female PLS to only one. In order to test Forster's hypothesis, we scored this condition as character 84. According to our results, the reduction of female AC gland spigots in PLS occurred in Scytodidae (Figs. 24 C, F, 25 D, F; Platnick et al. 1991: fig. 74 ; Labarque et al. 2009: figs. 34, 36) . Females of other scytodoid families (P. suteri, Platnick et al. 1991: fig. 85, 88; and D. serrana, Labarque & Ramírez 2007b ) have many AC gland spigots on the PLS. However, within Drymusa and Periegops this character is homoplasious, because an immature female of P. australia (Forster 1995, fig. 34 ) and females of D. rengan (Labarque & Ramírez 2007a: fig. 42, 43 ) have only one AC gland spigot on the PLS.
The family Scytodidae arises as the sister group of Periegops plus Drymusa and is well supported by four non homoplastic characters: an apical group of blunt macrosetae on the female palpal tarsus (ch. 16; Fig. 12 C, D; Simon 1893, fig. 253 ; Labarque et al. 2009: fig. 27 ), the thoracic region of the prosoma forming a dome (ch. 19; Fig. 13 C, D) , a cheliceral stridulatory file composed by few, large, well spaced ridges (ch. 33; Fig. 16 C, D ; Labarque et al. 2009: fig. 19 ), and the venom outlet placed at the base of the fang (ch. 34; Figs. 15 C, D, 18 C, D; Labarque et al. 2009: figs. 16, 17, 42, 43) . The clade is also supported by two homoplasious characters, the fingerprint tarsal cuticular texture (ch. 14; right area of Fig. 9 C) and the reduction to one AC gland spigot on female PLS (ch. 84; Figs. 24 C, F, 25 D, F) . On close examination, the apical palpal macrosetae of scytodids have an apical pore (Fig. 12 C) , suggestive of a chemosensory function (Barth 2001) , which may be additional to a tactile function as suggested by Simon (1893) . These apical macrosetae also occur on the male palpal cymbium in species of Scytodes , 2001 , 2001 Rheims et al. 2005 Rheims et al. , 2007 and Dictis (see drawings on Paik 1978: fig. 93 4; Schenkel 1963: fig. 10 ; also on females, Ramírez pers. obs.). However, Stedocys males lack these macrosetae (Giltay 1935: fig. 3; Lehtinen 1986: fig. 7; Ono 1995: fig. 4 ; Labarque et al. 2009: figs. 10, 11, 29) . We were not able to examine Soeuria and the literature is not conclusive on this subject (Saaristo 1997) . Scytodes species are well known for their ability to spit a gluey substance produced by modified venom glands. The glue-like substance is ejected from the venom outlet, located near the base of the fang (Fig. 15 C, 18 C; Kovoor & Zylberberg 1972; Foelix 1996; Labarque et al. 2009, fig. 43 ). Stedocys (Fig. 15 D, 18 D ; Labarque et al. 2009, figs. 16, 17, 42) have the venom outlet and the fang similarly modified as in Scytodes, which suggests a similar spitting mechanism.
The affiliation of Periegops suteri with Drymusa, as well as the internal relationships among Drymusa species are weakly supported in this analysis, as evidenced by the low support values and the few, homoplasious synapomorphies on the branches involved. Periegops and Drymusa are here joined by the triangular cheliceral lamina, continuous with paturon margin (ch. 27; Figs. 17-18 A-B) , and by the regain of cheliceral promarginal teeth (ch. 24; Fig. 15 A, B) . This last result differs from Forster's (1995) idea, where all families closely related to Periegops (his Sicarioidea) have lost all their cheliceral teeth. Drymusa (Figs. 15, 18 B; Valerio 1971, fig. 10 ; Alayón Garcia 1981 , 1987 Brescovit et al. 2004; Bonaldo et al. 2006; Labarque & Ramírez 2007a, b, figs. 24-27; Rheims et al. 2008) , Diguetidae (Gertsch 1958a: 9) and Plectreuridae (Gertsch 1958c: 6, 32) , all considered members of Sicarioidea by Forster, have promarginal cheliceral teeth. Furthermore, Periegops and Drymusa have the venom outlet facing anteriorly (ch. 35; Fig. 15 B) , rather than posteriorly. This character did not arise as a synapomorphy of these taxa because of the inapplicable scoring in Scytodidae, where the venom outlet is modified for the spitting function.
We were unable to find autapomorphies for Periegops. Forster interpreted that Periegops chelicerae were free, with seven or eigth small denticles on the promargin, and three teeth on retromargin (1995: figs. 8-10). We found that in Periegops the cheliceral bases are fused with a stiff articulation (Figs. 14, 17 A) and have two teeth on both promargin and retromargin (Figs. 15, 18 A) , similarly as occurs in Drymusa (Figs. 14, 15, 17-18 B) . Periegops has six broad setae against the cheliceral promarginal lobe, similarly as in Drymusa capensis (Figs. 15, 18 A, B) . These modified setae in Periegops were considered homologous with the row of small setae in D. rengan (see character 30; Labarque & Ramírez 2007a, fig. 25 ), D. serrana (Labarque, pers. obs.) and Sicariidae ( Fig. 15 E, F) . Lehtinen (1986) suggested that the spigots in the male gonopore region (epiandrious spigots) are totally reduced in all haplogyne spiders with unpaired vulvae. We found however that P. suteri males have epiandrous spigots (char. 62; Fig.  20 A) and females have unpaired vulvae (Fig. 29 A, B, Forster 1995: fig. 23 ).
Both families Drymusidae and Periegopidae contain a single genus each, and given their apparently close affiliation one wonders if they should be better synonymized. However, the genus Drymusa, widely distributed in America and South Africa, is much more diverse than currently known (Abel Perez Gonzalez, pers. comm.), and hence we believe that the taxonomic rank of both groups will be better evaluated when such diversity is properly studied. Given the close relationship and morphological similarity of Periegops and Drymusa, a reassessment of the classification of Drymusidae should consider the placement of Periegops as well. FIGURE 32. The single most parsimonious tree under equal weights, and implied weights with concavity values k = 4-9. Unambiguous synapomorphies are mapped on branches. Empty and filled hashmarks represent homoplasious and nonhomoplasious transformations respectively. Large circles on each branch display Bremer support values / jackknife frequencies.
